The liver disease associated with duck hepatitis B viremia was investigated in naturally infected ducks from Chi-tung county in China and in both naturally and experimentally infected ducks from the United States. Liver and serum specimens of adult Chinese ducks were examined for duck hepatitis B virus (DHBV) DNA Chinese ducks. Sera were collected from 12 ducks from Chi-tung county that were failing to thrive. The birds were sacrificed, a portion of the liver tissue was fixed for histologic study, and the remainder was homogenized and treated with phenol (to 5%o) to allow entry into the United States.
woodchucks. In work with California Pekin and Khaki Campbell ducks, known amounts of DHBV were injected into the egg 10 days before, or into ducklings 1 day after, hatching and the livers were examined 6 weeks later. The majority of the injected ducklings had viremia detectable by hybridization 1 or 2 weeks after injection. The presence but not the amount of viremia correlated with incidence and degree of hepatitis, determined under code. The most severe instances of hepatitis, all in Pekin ducks, resembled the hepatitis in adult Chinese ducks of Chi-tung county. Severe and moderate hepatitis were found only in indoor-caged injected animals with viremia and in some uninjected birds without viremia that had been kept in outdoor flocks. The latter hepatitis, as some hepatitis in adult Chinese ducks, may not be related to DHBV. Mild and insignificant hepatitis were also found in injected and noninjected ducklings, some of which had the vertically transmitted spontaneous viremia previously described. The good correlation of experimentally induced viremia with incidence and severity of hepatitis in the Pekin duckling provides a simple, rapid,, and relatively inexpensive model to study the relation of lesions to hepatitis B family infection in nonprimates.
Human hepatitis B virus (HBV) infection is associated with a
variety of diseases, with chronicity developing in 5-10% of adults and more frequently in newborns. Lack of knowledge of the factors determining the evolution in individual patients, important in their management, encourages experimental studies. The chimpanzee, the only animal susceptible to HBV infection, is rarely available and HBV has not been cultured in hepatocytes. The recent discovery, therefore, of three viruses that infect lower animals and are physically and genetically similar to HBV has provided animal models to study both the life cycle of this virus family and the relationship of viral expression to the various diseases associated with HBV infection. After the discovery of woodchuck hepatitis virus (WHV) in 1978 (1) bridization with a radioactive probe were as described (7).
The DNA from liver was brought to a final concentration of 500 pug/ml. The sensitivity of detection of specific viral sequences was to 1 pg in 1 pg cellular DNA in dot blots (rated as +/-) or -0.2 copies of a viral genome of 3,000 base pairs per haploid cellular genome in gel blots (rated as +).
Histologic Examination. Liver specimens of California ducks obtained at necropsy were fixed in 10% formalin and embedded in paraffin, as were livers of Chinese ducks. Sections were always stained with hematoxylin/eosin and frequently with Masson's trichrome stain, p-aminosalicylic acid reaction after diastase treatment, and Victoria blue (8), a variant of Shikata's orcein stain. All specimens were evaluated and reported Without knowledge of experimental data. The degrees of inflammatory changes were rated in both California and Chinese duck livers as follows: 0, no inflammatory cells and usually fine-droplet vacuolization, presumably from glycogen and fat (Fig. 1) ; +/-, occasional inflammatory cells in portal tracts, sometimes associated with slight excess of bile ductules and scattered increase of sinusoidal cells in parenchyma, with or without hepatocellular vacuolization; +, a few inflammatory cells in portal tracts and parenchyma, usually associated with increase in ductules; where the lesion was only focal, the designation +/--+ was used; ++, conspicuous accumulation of inflammatory cells in portal tracts and in scattered focal necroses. within the parenchyma, associated with some increase of sinusoidal cells, the border of the portal tracts sharp, and the hepatocytes irregularly stained and usually with a nonvacuolated dense and irregularly clumped cytoplasm (see Fig. 3C and D); + + +, portal tracts densely infiltrated mainly by mononuclear inflammatory cells that extend into the surrounding parenchyma, in the sense of piecemeal necrosis, or along septa radiating into the parenchyma (see Fig; 3A) , with infiltration of the walls of hepatic vein tributaries, focal necrosis, and diffuse hepatocellular degeneration, in places proceeding to formation of acidophilic bodies (see Figs. 2B and 3B); + + + +, + + + lesions accompanied by either regenerative nodules (see Fig. 2A ), extensive septa formation, conspicuous bile duct changes, or areas of collapse. RESULTS Observations on Chinese Ducks. Histologic studies. Of 14 ducks, 2 had in the available specimens evidence of hepatocellular carcinoma (birds 109 and 202, Table 1 ) and 1 exhibited scar tissue around squeezed epithelial cells, probably carcinomatous (animal 110). Of the remaining 11, 6 showed + + + + ( Fig. 2A) , 3 showed + + + (Fig. 2B) , and 2 showed + + inflammatory lesions. In most instances designated as + + + and + + + +, trapped hepatocytes were noted in the piecemeal necrosis (Fig. 2A) (9) . DHBV has been found in 10% of adult ducks in two domestic commercial flocks (3). It has been well characterized and has served as a model to study the replication of this group of viruses (10, 11) . The vertical route seems to be a major pathway of spontaneous DHBV transmission, with viral replication starting early in embryonic life (6) .
We have shown that experimental infection of two breeds of domestic ducks, the Pekin and the Khaki Campbell, with DHBV caused a sometimes severe hepatitis by 6 weeks after inoculation. However, the amount of hepatitis in viremic ducks ranged from severe to insignificant, as is seen in HBV infections of humans. Although a series of grades of liver (19) and a characteristic hepatitis after experimental infection (unreported observations) woodchucks are not as easily obtained, housed, or handled as ducklings. On the other hand, development of hepatocellular carcinoma after spontaneous infection under nonexperimental conditions has been well established in the woodchuck but needs additional data in the duck. At this time, it appears that the woodchuck and duck models supplement each other in the study of pathogenesis, with the choice depending on the specific problem.
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